ABSTRACT Many aphid (Aphidae) and treehopper (Membracidae) species depend on ants (Formicidae) for their survival, but few leafhopper (Cicadellidae) species have been reported as myrmecophiles. We studied the Mexican species Dalbulus quinquenotatus Delong & Nault in the Þeld and greenhouse. In Jalisco, Mexico, Þeld populations of D. quinquenotatus increased in size when ants were present on their gamagrass (Tripsacum species) hosts. When ants experimentally were excluded, predatory spiders invaded the gamagrass habitat and extinguished D. quinquenotatus populations. Ants also eliminated two nonmyrmecophilous and potential competitor Dalbulus species from the host-plant microhabitat of D. quinquenotatus. Greenhouse populations of D. quinquenotatus killed gamagrass hosts in the absence of predators and attendant ants. Ants (Formica subsericea Say) on gamagrass regulated captive leafhopper populations by removing nymphs and adults, and kept leaf surfaces free from contaminating honeydew. Ants also protected leafhoppers from experimentally introduced nabid predators; in the absence of ants, nabids eliminated leafhopper populations. Diet inßuenced the response of ants to populations of D. quinquenotatus. When ants were denied food, they preyed upon and extinguished greenhouse populations of D. quinquenotatus, but when supplied with prey (dead eastern yellowjackets), large numbers of ants attended leafhopper populations that grew in size. Few ants attended leafhoppers if they were supplied with insect prey and honey. Our data strongly suggest that D. quinquenotatus is an obligatory myrmecophile.
THE GAMAGRASS LEAFHOPPER Dalbulus quinquenotatus
DeLong & Nault is a gregarious species that forms dense populations of nymphs and adults at the bases of its Mexican host plants, the gamagrasses (Tripsacum species) (Nault et al. 1983) . Unlike other Dalbulus species, D. quinquenotatus is sedentary, rarely responds to mechanical stimuli , and produces and excretes more honeydew than its congeners (Larsen et al. 1992) . These behaviors are common to ant-attended homopterans (myrmecophiles). Not surprisingly, populations of D. quinquenotatus rarely are found in the absence of attendant ants. Larsen et al. (1991) reported 18 ant species from four subfamilies associated with Þeld populations of D. quinquenotatus in Mexico.
BeneÞcial interactions between homopterans and ants have been reported for aphids (Vinson and Scarborough 1991) , coccids (Hanks and Sadof 1990, Bach 1991) , psyllids (Novak 1994) , pseudococcids (Way 1963) , and membracids (Messina 1981 , Fritz 1982 , De Assis Dansa and Duarte Rocha 1992 . Homopterans excrete honeydew that serves as food for ants. Ants also prey upon myrmecophilous Homoptera to supplement their protein requirements, and in doing so, they regulate populations of attended homopterans, preventing possible overpopulation and death of the host plant (Way 1963 , Fritz 1983 . When ants remove honeydew from plants, they perform a sanitary function that beneÞts both the homopteran and the host plant (Bartlett 1961 , Washburn et al. 1985 . In addition, ants expel herbivores that compete with myrmecophilous Homoptera for their host plant (Messina 1981 , Fritz 1983 , Seibert 1992 . Most importantly, ants protect homopterans from natural enemies (Way 1963 , Banks and Macaulay 1967 , Bristow 1984 .
These beneÞts have not been reported for ant-attended D. quinquenotatus, or for any myrmecophilous leafhopper; rather these beneÞts have been assumed. Larsen et al. (1991) Þrst considered D. quinquenotatus to be a facultative myrmecophile, but later suggested that the relationship could be obligatory (Larsen et al. 1992 ). Here we report on a series of Þeld and laboratory studies that test the hypothesis that D. quinquenotatus is an obligatory myremecophile.
Materials and Methods
Field Studies. Description of Sites. In 1996 we selected three sites in the state of Jalisco in central Mexico for Þeld studies of antÐleafhopper interactions. In the Þrst two sites, Zapopan and Agua Caliente, the wet season begins the third week of May, whereas in the third site, San Agustin, the wet season begins the Þrst week of May (data not shown). All studies were conducted from May to July. In Zapopan, D. quinquenotatus is attended by the ants Brachy-myrmex obscurior Forel, Camponotus sp., and Pheidole sp. on the gamagrass species Tripsacum pilosum Scriber & Merrill. The nonmyrmecophilous leafhoppers Dalbulus gelbus DeLong and Dalbulus guzmani DeLong & Nault also are found on this host. In Agua Caliente and San Agustin, D. quinquenotatus is attended by B. obscurior on (T) dactyloides L. Patches of this host were burned in Agua Caliente 2 mo before our study was initiated. Each clone is formed by a cluster of a few green stems united by a rhizome. When our Þeld studies began, T. pilosum from Zapopan had a mean of 4.4 Ϯ 0.11 SE leaves, T. dactyloides from San Agustin a mean of 4.5 Ϯ 0.08 leaves, and T. dactyloides from Agua Caliente a mean of 4.1 Ϯ 0.11 leaves. The leaves averaged 30 Ϯ 4.99, 26 Ϯ 1.25, and 8 Ϯ 0.84 cm in length in Zapopan, San Agustin, and Agua Caliente, respectively.
Effect of D. quinquenotatus on Gamagrass Hosts. A study with two treatments was conducted at each of the three Þeld sites to determine the effect of D. quinquenotatus on its gamagrass hosts. One treatment was gamagrass with D. quinquenotatus and ants and the other was gamagrass free of these insects (control). Resifum tridente (Cipermetrina and dichlorvos) insecticide was applied every month to gamagrass in the latter treatment to eliminate all arthropods. Insecticide at 2 ml/liter of water was applied at the rate of 3 liter per clone. Four gamagrass clones per treatment were chosen at each site. Every second week, the number of leaves in the chosen clones was recorded. For each site, the number of leaves on gamagrass with and without D. quinquenotatus and ants was compared using Student t-test.
Effect of Ants on Nonmyrmecophilous Dalbulus Species. The effect of ants on the numbers of adult D. gelbus and D. guzmani on gamagrass was determined in two treatments at Zapopan. Individuals of these two leafhopper species were counted on T. pilosum infested with D. quinquenotatus and ants and on T. pilosum free of these insects. We also recorded plant size over time; e.g., between May and June plants had three to six leaves and by the end of July up to eight leaves. Four clones per treatment were selected and adults of D. gelbus and D. guzmani were counted every 4 d between 0900 and 1300 hours. The upper and lower leaf surfaces, including the inner leaf sheaths, were inspected for adults. Numbers of leafhoppers were compared using Student (Larsen et al. 1991) was available for greenhouse studies in Ohio, we choose a formicine species, Formica subsericea Say, similar in size to the Pheidole species we observed in the Þeld. In a previous greenhouse study we used the pavement ant, Tetramorium caespitum (L.), as a substitute for the Mexican species T. spinosum (Perganda) (Larsen et al. 1992 ). In the Þrst treatment, F. subsericea that attended D. quinquenotatus were not supplied with food. In the second treatment, F. subsericea that attended D. quinquenotatus were supplied with 75Ð 80 gm of clover honey and 10 Ð12 dead eastern yellowjackets, Vespula maculifrons (Buysson), collected in 1994 and frozen until used as a food item for ants. In the third treatment, F. subsericea were supplied with yellowjacket prey only. We collected three colonies of F. subsericea (2,851; 2,055; and 1,915 workers, respectively) in Wooster, OH. Ant colonies were maintained in Fluon-lined bushel baskets Þlled three-quarters full with soil. Each ant colony was connected by plastic tubing to three clones of T. dactyloides infested with adults of D. quinquenotatus. Three clones infested with adult D. quinquenotatus but no ants were used as controls. Eight female and eight male D. quinquenotatus were released onto each clone 10 d before when ants were allowed access to plants. Honey and insect prey were supplemented in the second treatment and prey was supplemented in the third treatment at the same time that the ant colony was connected to plants colonized by D. quinquenotatus. Food supplements were added three times per week. Each gamagrass clone with its population of D. quinquenotatus was maintained in screen cages (100 by 30 cm). F. subsericea had free access to attend D. quinquenotatus in these cages. Once ants had access to plants, the number of nymphal and adult D. quinquenotatus in ant-attended and unattended populations was counted every 4 d from 0900 to 1300 hours. Each treatment was replicated nine times. During each experiment, plants were watered every other day and the ant colonies every day. The mean temperature in the greenhouse was 26ЊC and the photoperiod was 14:10 (L:D) h. The number of nymphs and adults in the three treatments were compared using ANOVA.
The surface area of gamagrass leaves that was covered with honeydew was recorded 16 d after ants were given access to D. quinquenotatus-infested plants. Each sheath and leaf of T. dactyloides was examined to estimate the percentage of surface covered with honeydew. The number of ants observed in the screen cages also was recorded. The number of nymphs and adults of D. quinquenotatus among the three treatments was compared by using an ANOVA. An ANOVA also was used to compare the number of ants found inside the screen cages in the three treatments.
The effect of ants on the population size of D. gelbus on gamagrass also was tested. We used small and large gamagrass as hosts. The small plants averaged of 24.7 Ϯ 1.95 cm in height, whereas large plants averaged 91.5 Ϯ 1.28 cm in height. One large colony (2,055 workers) of F. subsericea that received insect prey as a dietary supplement was given access to one small and one large plant. Twenty-four hours before ant access, 16 adult leafhoppers each of D. gelbus and D. quinquenotatus were deposited on each plant. The number of adult leafhoppers was counted every 30 min during the Þrst 6 h after ant access and at 24 h. Leafhoppers had the opportunity to leave plants if disturbed by ants. This experiment was replicated four times.
Protection of D. quinquenotatus by Ants. The protection afforded by ants against predators of D. quinquenotatus was tested using F. subsericea and the generalist nabid predator Nabis americoferus Carayon, which prey upon a variety of insect species including leafhoppers. Nabids used in our experiments were collected from an alfalfa (Medicago spp.) Þeld in Wayne County, OH. Preliminary observations conÞrmed that this hemipteran preys upon nymphs and adults of D. quinquenotatus. It catches a leafhopper with its forelegs and pierces it with its stylets. Once the stylets are introduced, nabids feed on a leafhopper for Ϸ10 min and then discard the leafhopperÕs empty exoskeleton.
Eight female and eight male D. quinquenotatus were deposited on each of 14 clones of T. dactyloides. Leafhopper-infested clones were maintained in a screen cage (100 by 30 cm). Ten days after release of leafhoppers, four clones were connected to a large colony of F. subsericea (2,851 workers), three clones were connected to a small colony (887 workers), and the remaining seven clones received no ants. Three nabids (two females and one male) per clone were released 2 d after ants were given access to gamagrasses. The numbers of nabids and leafhoppers were counted between 0900 and 1300 hours every 4 d in each clone for 64 d. Each treatment was replicated seven times. Gamagrass had an average of 4.4 Ϯ 0.07 leaves when the experiment was started. Gamagrass clones were watered every other day and the ant colonies were watered daily. The mean temperature in the greenhouse was 25.5ЊC and the photoperiod was 14:10 (L:D) h. The nabid adults and nymphs among treatments were compared by using Student t-test.
No voucher specimens from arthropods used in this study were taken.
Results
Field Studies. Effect of D. quinquenotatus on Gamagrass Hosts. Gamagrass infested by ant-attended D. quinquenotatus in the Þeld did not show visible signs of stress and no plants died. T. pilosum in Zapopan and T. dactyloides in Agua Caliente and San Agustin had similar numbers of leaves when infested with D. quinquenotatus and ants as plants without these insects (t ϭ 1.50, df ϭ 46, P ϭ 0.14; t ϭ 0.32, df ϭ 46, P ϭ 0.75; t ϭ 0.07, df ϭ 46, P ϭ 0.94, respectively) (Fig. 1) .
Effect of Ants on Nonmyrmecophilous Dalbulus Species. D. gelbus and D. guzmani adults were observed in the Þeld primarily on gamagrass not infested with D. quinquenotatus and ants (P Ͻ 0.001) (Fig. 2) . Furthermore, these two nonmyrmecophilous leafhopper species were collected on T. pilosum occupied by D. quinquenotatus and ants only when plants were large in late July.
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Protection of D. quinquenotatus by Ants. SigniÞ-cantly more D. quinquenotatus were found on gamagrass when they were attended than not attended by ants in Zapopan (t ϭ 12.07, df ϭ 110, P ϭ 0.001), San Agustin (P Ͻ 0.001), and Agua Caliente (P Ͻ 0.001) (Fig. 3) . Twenty-four days after we began the experiment, unattended D. quinquenotatus from these three sites almost completely or completely disappeared. Large numbers of ant-attended D. quinquenotatus were observed on gamagrasses in the three Þeld sites.
Dalbulus quinquenotatus was attended by three ant species on two of the four clones in Zapopan. The Þrst of the two gamagrass clones initially was occupied by B. obscurior, later by Camponotus sp., and Þnally by Pheidole sp. The second clone was occupied by B. obscurior and later by Pheidole sp. D. quinquenotatus was attended only by the diminutive (1.5Ð2 mm long) B. obscurior in San Agustin and Agua Caliente. This small ant species occurred in large numbers at these two sites. In Agua Caliente, signiÞcantly more B. obscurior were counted than the combined number of three ant species collected in Zapopan (t ϭ 6.00, df ϭ 36, P ϭ 0.001). SigniÞcantly more B. obscurior also were recorded from San Agustin compared with Zapopan (t ϭ 2.22, df ϭ 36, P ϭ 0.033).
Spiders were present on gamagrasses throughout our study (Fig. 4) , and they were collected and sometimes observed preying on unattended D. quinquenotatus in Zapopan, Agua Caliente, and San Agustin. Spiders were not observed or collected in the gamagrass microhabitat of ant-attended D. quinquenotatus. Spiders collected in Zapopan and San Agustin belonged to two families: Anyphaenidae (genus Anyphaena) and Philodromidae. Spiders collected in Agua Caliente belonged to four taxa: two from the family Thomisidae and two from the family Araneidae. Zapopan had the highest number of spiders, whereas San Agustin had the fewest (F ϭ 19.40; df ϭ 2, 229; P ϭ 0.001) (Fig. 4) . Dalbulus quinquenotatus nymphs were parasitized by A. ciudadi when attended by B. obscurior in Agua Caliente and San Agustin but not in Zapopan. Parasitized nymphs were observed at the end of July. Maximum parasitism of leafhoppers was 3% in Agua Caliente and 9% in San Agustin.
Greenhouse Studies. Effect of D. quinquenotatus on Gamagrass Hosts. T. dactyloides infested with D. quinquenotatus died 64 Ð72 d after infestation, whereas T. dactyloides infested with D. gelbus did not die. Four days before the gamagrass died, populations of D. quinquenotatus had signiÞcantly more nymphs (t ϭ 6.67, df ϭ 8, P ϭ 0.001) and adults (t ϭ 4.25, df ϭ 8, P ϭ 0.003) than did populations of D. gelbus (Fig. 5) (Fig. 5) .
Dalbulus quinquenotatus not only killed gamagrass hosts but also affected their growth. The number of stems of T. dactyloides with D. quinquenotatus started to decrease 44 d after the experiment began (data not shown). At that time, stems started to senesce and die, whereas stems of gamagrass with D. gelbus or with no leafhoppers increased in number. As the number of stems decreased in plants infested with D. quinquenotatus, the number of green leaves also decreased (Fig. 6 ). Gamagrass infested with D. quinquenotatus had signiÞcantly fewer leaves than gamagrass infested with D. gelbus or with no leafhoppers (F ϭ 21.13; df ϭ 2, 282; P ϭ 0.001). Although Tripsacum with D. quinquenotatus had fewer leaves than noninfested hosts, their stems reached similar heights (t ϭ 1.59, df ϭ 148, P ϭ 0.16) (Fig. 6 ). Gamagrass infested with D. gelbus had fewer leaves than control plants (t ϭ 5.35, df ϭ 98, P ϭ 0.001) (Fig. 6 ) and was shorter than gamagrass infested with D. quinquenotatus, or with no leafhoppers (F ϭ 9.46; df ϭ 2,237; P ϭ 0.001) (Fig. 6) . (Table 1) . When ants did not receive food supplements, they did not attend D. quinquenotatus adults (Fig. 7) . Adults and nymphs of D. quinquenotatus in this treatment were consumed by F. subsericea in Ͻ8 d (Fig. 7) . However, nymphs (F ϭ 4.81; df ϭ 2, 42; P ϭ 0.01) and adults (F ϭ 8.09; df ϭ 2, 42; P ϭ 0.001) of D. quinquenotatus were attended by F. subsericea colonies when ants received yellow jacket prey only or honey and insect prey as supplements.
Regulation and Attendance of D. quinquenotatus Populations and Removal of Honeydew by Ants. F. subsericea preyed on nymphs and adults of D. quinquenotatus under all three dietary treatments
SigniÞcantly more F. subsericea were counted with D. quinquenotatus when ants received prey than when they received honey and prey or did not receive a food supplement (F ϭ 18.25; df ϭ 2, 105; P ϭ 0.001) (Fig.  8) . Ants that received prey only built galleries in the ground at the bases of gamagrass hosts.
On small Tripsacum, F. subsericea expelled adult D. gelbus within 1 h after given access to mixed colonies of adult D. gelbus and D. quinquenotatus (Fig. 9) . No adult D. gelbus were found after 24 h on small plants, but they were found on large plants with D. quinquenotatus and ants. Predation on D. gelbus by F. subsericea was not observed.
Formica subsericea removed the honeydew produced by D. quinquenotatus (Table 2) . No honeydew was found on the upper surfaces of the basal leaves of gamagrasses attended by F. subsericea. However, gamagrass with unattended D. quinquenotatus had leaf surfaces that were covered with honeydew in the microhabitat of this leafhopper. Honeydew was found inside the sheath of the Þrst two leaves of plants when D. quinquenotatus was ant attended. Honeydew produced by nymphs inside the leaf sheaths could not be reached and removed by F. subsericea workers.
Protection of D. quinquenotatus by Ants. SigniÞ-cantly more adults (t ϭ 8.23, df ϭ 175, P ϭ 0.001) and nymphs (t ϭ 6.91, df ϭ 98, P ϭ 0.001) of the predator N. americoferus were collected when conÞned with D. quinquenotatus alone than with D. quinquenotatus and ants (Fig. 10) . Young nymphs of N. americoferus were observed 22 and 55 d after adults were released in cages with D. quinquenotatus but no ants. Nabid adults and nymphs were completely eliminated by F. subsericea within 16 d after they were released in cages with ant-attended D. quinquenotatus.
Unattended adult D. quinquenotatus were preyed upon and eliminated by nabids 16 d after the predator was released, whereas nymphs of D. quinquenotatus were eliminated within 24 d (Fig. 10) . In addition, D. quinquenotatus attended by large compared with small ant colonies had fewer individuals that reached the adult stage and no nymphs from a second generation were observed (Fig. 11) . In this treatment, ants were observed carrying not only nabids but also leafhoppers to their nest. Adults of D. quinquenotatus attended by the smaller ant colony completed a Þrst generation and a second generation of nymphs was observed (Fig. 11) .
Discussion
Ant-attended Þeld populations of D. quinquenotatus did not appear to stress their gamagrass hosts; however, greenhouse populations of D. quinquenotatus that developed without attending ants quickly overwhelmed and killed their hosts. Similar drastic effects on host plants have been reported for other unattended myrmecophilous Homoptera. High densities of the scale Pulvinariella mesembryanthemi (Vallot) stopped production of new leaves and shoots of its host plant when ants were absent (Washburn et al. 1985) . The scale Coccus viridis (Green) caused signiÞcant leaf death to its host, Pluchea indica (L.), but did not do so when the scale was attended by Pheidole megacephala (F.) (Bach 1991) .
Complete protection of gamagrass from D. gelbus by ants occurred in the Þeld and in the greenhouse when Numbers of adults and nymphs are means from nine replicates for attended and three replicates for unattended leafhoppers. Ants attended nymphs and adults for 16 d under three dietary treatments: no food supplement, honey and insect prey, or prey only. plants were small. In contrast, on large plants, ants must travel longer distances from populations of D. quinquenotatus, which are located at the plant base, thus expending more energy to Þnd and expel D. gelbus. Gamagrasses are small during the dry season, a time when plants may suffer severe damage if consumed by herbivores. We showed that ants not only expelled D. gelbus from small gamagrass but also removed some D. quinquenotatus from overpopulated plants. This behavior would reduce the impact of D. quinquenotatus on plants during the dry season.
Greenhouse populations of D. gelbus affected gamagrass growth but did not kill their host plants. They reduced the number of leaves and height of plants, common signs of plant stress reported for nonmyrmecophilous Homoptera. Similarly, Vranjic and Gullan (1990) showed that the scale Eriococcus coriaceus Maskell reduced the leaf area and height of its host, Eucalyptus blakelyi Maiden, and the planthopper Prokelisia dolus Wilson reduced leaf production and tiller elongation of its host, Spartina alterniflora Loisel (Olmstead et al. 1997) .
Ants attending D. quinquenotatus in the Þeld expelled D. gelbus and D. guzmani from gamagrasses. Adults of these two species respond readily to mechanical stimuli and apparently avoid capture and predation by ants, especially on large gamagrasses. Large plants with more foliage may provide food and refuge to visiting herbivores high in the plant canopy. For example, damage by visiting herbivores occurred but was less on meristems where the membracid Aconophora teligera (Germar) was attended by ants than on meristems where the membracid and ants were absent (De Assis Dansa and Duarte Rocha 1992). Protection of the host plant by ants against herbivores has been observed in other membracids. Messina (1981) showed that Formica species attacked adults of two species of chrysomelid beetles in the genus Trirhabda when they tried to feed on plants where the membracid Publilia concava (Say) was attended. F. subsericea ants attending the membracid Vanduzea arquata Say, protect the host plant from the locust leaf-mining beetle, Odontota dorsalis (Thunberg) (Fritz 1983) .
Formica subsericea regulated D. quinquenotatus populations to levels that were not obviously harmful to their hosts. Similar results have been found for other myrmecophilous Homoptera when attended by ants. Andersen (1991) demonstrated that when the aphid Aphthargelia symphoricarpi was preyed upon by Formica fusca L., aphid numbers were reduced by 64%. When the coccid Saissetia sp. reached high densities, it was attacked, killed, and removed by Oecophylla longinoda (Latreille) (Way 1963) . By regulating populations of attended homopterans, honeydew resources are sustained by attending ants.
Our greenhouse data show that large colonies of F. subsericea decimated D. quinquenotatus populations (nymphs and adults) when ants were not supplied with insect prey. Perhaps large colonies of ants must obtain more protein from insect prey to maintain their association with D. quinquenotatus. Large colonies of Formica exsectoides Forel consume more protein and less honey compared with small colonies (Ayre 1966) . Independent of ant colony size, ants need a balanced diet with essential amino acids. Ants obtain limited amino acids from honeydew. Some of these amino acids, such as glutamic acid, glutamine, asparagine, and serine, are nonessential (Douglas 1993 ) and represent Ͻ0.7% of the concentration in honeydew (Gray 1952) . Therefore, if no other source of protein is available, ants will consume ant-attended Homoptera to meet their dietary protein requirement.
Sugar supplements in the form of honey dramatically altered the response of F. subsericea to D. quinquenotatus. When supplied with both insect prey and honey, ants made few visitations to leafhopper host plants. In contrast, when ants were supplied only with insect prey, the numbers of ant visitations to host plants was signiÞcantly higher. Moreover, visitations and attendance beneÞted populations of leafhopper adults and nymphs. In other studies with homopterans, sugar supplements did not alter ant attendance. Del-Claro and Oliveira (1993) showed that the membracid Guayaquila sp. was attended readily by Camponotus sp. even when an alternative sugar source was on its host plant. Similarly, extraßoral nectaries did not affect ant attendance of myrmecophiles (Fiala 1990 ). Consequently, ants may obtain sugar from other sources such as extraßoral nectaries and still attend D. quinquenotatus in the Þeld. Some plant genera with species that have extraßoral nectaries, such as Acacia and Ipomoea in a Panamanian forest (Schupp and Feener 1991) , occur in similar habitats with Tripsacum species in Mexico (Moya-Raygoza and TrujilloArriaga 1993).
Large numbers of F. subsericea attended D. quinquenotatus when the ant colonies only received insect prey but not honey in our greenhouse studies. This number was similar to ant numbers that attended D. quinquenotatus in Zapopan. Ants probably increased their attending numbers because the honeydew produced by D. quinquenotatus was their principal carbohydrate resource. Carbohydrate resources are important to workers because they provide fuel for activity (Deslippe and Savolainen 1994, Macom and Porter 1995) .
Formica subsericea removed the honeydew produced by D. quinquenotatus on the upper surfaces of the basal leaves of gamagrasses. This leafhopper oviposits its eggs in clusters on the upper surface of midribs of basal leaves (Nault et al. 1983 ; therefore, when honeydew is removed by ants, death of leafhopper eggs by suffocation with accumulated honeydew and the formation of sooty mold on host leaves are reduced or prevented. The presence of sooty mold also reduces plant photosynthesis (Way 1963 ). Other myrmecophilous Homoptera are reported to beneÞt when ants remove honeydew from host plants; e.g., aphids attended by Lasius spp., coccids attended by Acropyga spp., and pseudococcids attended by Crematogaster spp. (Way 1963 ). In contrast, when myrmecophilous Homoptera are not attended by ants accumulation of honeydew occurs that directly affects the plant. Bach (1991) showed that when the ant P. megacephala is excluded, its scaleinfested host plant soon becomes covered with honeydew with resultant sooty mold growth and greater rates of leaf death.
Formica subsericea, which is similar in size to the attending Pheidole sp. observed in the Þeld, did not remove the honeydew produced by nymphal D. quinquenotatus on the inside sheath of the basal leaves of gamagrass. This part of the leaf is tightly appressed to the stem and ant species with large heads cannot harvest honeydew. However, B. obscurior, the small ant that attends D. quinquenotatus in the Þeld, can and does remove honeydew produced by nymphs in this microhabitat.
Our data support the hypothesis that ants protect D. quinquenotatus from arthropod predators. In the Þeld, ants protected D. quinquenotatus against spiders. The rapid appearance of spiders in unattended populations of D. quinquenotatus may be a result of honeydew attracting not only ants but also spiders. The spider Hibana velox (Becker) was observed feeding on extraßoral nectaries in the bases of Hibiscus tiliaceus L. leaves at night (Taylor and Foster 1996) . These nectaries, like honeydew, provide water, sugars, amino acids, lipids, and vitamins that attract visitors. Four spider taxa were found with unattended D. quinquenotatus on burned gamagrass (Agua Caliente). This new, open gamagrass habitat may promote colonization by spiders as has been reported in other burned perennial habitats. For example, in the burned wetland dominated by Spartina (Poaceae), a greater species richness of spiders was reported than in unburned wetlands. These burned plants are more productive and have more sap-feeding insects, which serve as prey for spiders (Johnson 1995) . Spiders are generalist arthropod predators; the six spider taxa collected in this study must compete with ants for D. quinquenotatus. Such competition between spiders and ants for aphids was reported by Halaj et al. (1997) .
Formica subsericea protected D. quinquenotatus from nabids in the experimentally conÞning "habitats" of our greenhouse studies. Nabids not only were expelled by ants when they tried to approach D. quinquenotatus but also were captured and transported to the ant nest and presumably used as food. In other studies, predators avoid but are not consumed by ants when they try to attack myrmecophilous Homoptera. Banks and Macaulay (1967) found that the predator coccinellid Adalia bipunctata (L.) attacked Aphis fabae Scopoli at low rates because of protection by the ant Lasius niger L. Way (1963) reported that L. niger quickly repelled and carried off predators from aphid aggregations. Possibly, N. americoferus was captured and consumed by F. subsericea in our study because the experiment was conducted in cages where N. americoferus could not escape from ants. Predation by F. subsericea was observed not only against nabids but also against D. quinquenotatus, but only when large F. subsericea colonies were used in greenhouse studies.
In Þeld studies, some populations of D. quinquenotatus were parasitized by dryinids but it is not known whether attending ants inßuenced the level of parasitization. Larsen et al. (1991) concluded from Þeld studies that D. quinquenotatus has a facultative association with ants. Subsequently, Larsen et al. (1992) suggested that the relationship could be obligatory. By conducting a combination of Þeld and greenhouse studies, we have shown that D. quinquenotatus is dependent on ants for its survival and that this leafhopper has an obligatory, mutualistic relationship with ants. In the greenhouse, populations of unattended D. quinquenotatus eventually killed their gamagrass hosts. In ant-attended populations in the Þeld and greenhouse, ants regulated populations of D. quinquenotatus below levels that could cause serious damage to their gamagrass hosts, and they removed contaminating honeydew from leaf surfaces. In doing so, the ants beneÞtted by obtaining needed food resources. Antattended populations of D. quinquenotatus also were protected from predators, and ants expelled potential competing herbivores from their gamagrass hosts. A summary of beneÞcial interaction among leafhoppers, their gamagrass hosts, and attending ants is illustrated in Fig. 12 .
